A Ad dd dr re es ss s f fo or r c co or rr re es sp po on nd de en nc ce e: : Assist. Prof Original paper A b s t r a c t I In nt tr ro od du uc ct ti io on n: : In dermatitis herpetiformis (DH), activation of neutrophils via IgA Fc receptors (e.g. CD89) and immunocomplexes containing IgA1 may lead to the release of proteolytic enzymes, mainly neutrophil elastase (NE), destruction of the dermal-epidermal junction and blister formation. A Ai im m: : To analyze whether there are associations between levels of circulating IgA autoantibodies to epidermal (eTG) and tissue (tTG) transglutaminases, nonapeptides of gliadin (npG) and the intensity of cutaneous NE expression in patients with DH. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : Altogether, 31 patients with DH were studied. The levels of serum IgA autoantibodies to eTG, tTG and npG were evaluated with ELISAs. The intensity of NE expression was estimated with immunohistochemistry using NE monoclonal antibody and quantitative digital morphometry. Statistical analysis was done using Spearman's rank correlation coefficient. R Re es su ul lt ts s: : There were no statistically significant correlations between the intensity of cutaneous NE expression and the levels of serum IgA autoantibodies to eTG, tTG, npG in patients with DH. There were statistically significant correlations between the levels of IgA autoantibodies to eTG, tTG, npG. C Co on nc cl lu us si io on ns s: : It seems that in human DH the activation of neutrophils, judged by the NE expression, is unrelated to the levels of serum IgA autoantibodies to eTG/tTG/npG, but all those autoantibodies in DH are produced in a coordinated way.
Introduction
Dermatitis herpetiformis (DH) was first described by Louis Adolphus Duhring from Philadelphia, USA in 1884 [1] , however up to now the precise molecular mechanism of blister formation in DH remains unclear. Indeed, the induction of autoimmune response in DH, the subepidermal autoimmune blistering dermatosis, is a complex process resulting from interplay of both genetic and environmental factors. The main autoantigens in DH are plausibly recognized by principally IgA1 autoantibodies [2, 3] and involve epidermal transglutaminase (eTG, TG3) and closely related tissue transglutaminase (tTG, TG2) [4, 5] . Nevertheless, current data indicated that nonapeptides of gliadin (npG) may be considered in the pathomechanism/diagnosis of DH [6] . The stereotypical cutaneous lesion is characterized microscopically by the neutrophilrich infiltrate at the dermal-epidermal junction (DEJ), which often localizes to the papillary tips [7, 8] . Thus, the activation of neutrophils may be essential for development of DH. Recently obtained data [2, 9] suggested the involvement of an impaired human IgA Fc receptors (FcRs) regulatory system that may cause the activation of neutrophils with subsequent secretion of various proteases, including neutrophil elastase (NE), responsible for the DEJ destruction. It was demonstrated that circulating neutrophils from DH patients show evidence of partial priming including the increased function of IgA FcRs [7] and in this way neutrophils show an increased ability to bind IgA. Literature data [10] [11] [12] postulated that FcRs play a crucial role in the activation and/or down-regulation of immune responses and thus, their ligation with pathogenic autoantibodies may have results in tissue damage, including blister formation in autoimmune blistering dermatoses [13] . The mechanism of inflammatory induction probably involves structural/conformation alternation of FcRs and modification of their activating/inhibitory functions. There are several known receptors for IgA, although few were characterized in much detail [2] . The best known IgA FcRs include the polymeric IgG receptor (pIgR), FcαRI (CD89), and Fcα/µR [11] . Recently, also the role of CD71 in the pathomechanism of IgA-mediated diseases was noticed [14] . Still, a fascinating issue to be resolved is the identification of IgA FcRs involved in DH pathophysiology. To date, CD89 expressed on neutrophils, seems to be an essential receptor in DH [2, 9] .
It is known that DH is associated with gluten-sensitive enteropathy (GSE) and therefore may be called glutensensitive dermopathy [15] , however the pathogenetic link between them still seems to be obscure. Interestingly, it is universally thought that DH may be a skin manifestation of celiac disease (CD) [16] and the connection between these disorders involves two different approaches (nosological and pathological). The development of DH as well as CD is a result of an immune response to gluten antigen, which is a substrate for transglutaminases (TGs). Nevertheless, the trigger/triggers of autoimmune response to TGs and factors inducing progression from CD to DH remain largely unclear [3] .
There is no doubt that the term "dermatitis herpetiformis" is a misnomer for a specific form of autoimmune blistering dermatosis. Its name is a result of historical aspects. As mentioned above, the DH term was coined by Duhring in 1884. He proposed finding a place for a number of cases with nameless and misdiagnosed skin diseases, however no pathological verification was provided. The concept of DH was popularized over the years. Etymologically, the term "herpes" comes from the Greek and means "to crawl" [17] . However, nowadays it is mainly associated with the herpes viruses. Thus, this controversial name might imply a role of infection with the herpes viruses in the pathogenesis of DH, which has never been proved to exist. Perhaps, the name reflects similar clinical pictures of both diseases (characteristic grouping of vesicles on erythematous base) [18] , however it should be noted that the morphology of DH has been changing. Furthermore, there was no effective treatment of DH in Duhring's times and it is known that in untreated cases, the severity of disease may vary significantly during its course. Therefore, DH as now generally used is descriptive of the disease without any implication as to its pathophysiology. Thus, we propose that thorough consideration should be given to updating the definition of DH and, possibly, a new term in recognition of some important aspect of its cutaneous pathophysiology should be coined. Regarding this issue, it should be noticed that the older term "herpes gestationis" has already been replaced with the term "pemphigoid gestationis" as it better reflects the pathophysiology of this autoimmune blistering dermatosis. Perhaps then the term "gluten-sensitive IgA/neutrophil-mediated dermatitis" (the acronym GAND would sound nicely) for dermatosis described by Duhring would be more understandable for non-dermatologic medical/pharmaceutical/biotechnological community and lay public alike.
Aim
In light of the above we attempted to analyze whether in human DH there are any correlations between levels of serum IgA autoantibodies to eTG, tTG, npG, as well as between levels of serum IgA autoantibodies to eTG, tTG, npG and the intensity of NE expression in lesional skin.
Material and methods
Altogether, 31 DH patients showing cutaneous lesions active enough to prompt them to seek dermatological attention were examined. The clinical suspicion of DH was confirmed and thus DH diagnosis established with direct immunofluorescence showing any of 7 diagnostic patterns possible of microgranular/fibrillar IgA deposition and corroborated with histologic hematoxylin and eosin staining, H + E, performed in all cases. Patients were recruited during a period from January 2009 to July 2011 at the Histopathology and Immunopathology Section, Department of Dermatology, Poznan University of Medical Sciences, Poland. The serum used in the serological tests was taken at the time of hospital admission/ambulatory care. Five milliliters of blood serum were obtained from each individual and anti-eTG/anti-tTG/anti-npG IgA antibodies were evaluated with three commercially available ELISAs. The level of circulating serum IgA autoantibodies against the fusion protein containing nonapeptides of gliadin was evaluated with Anti-Gliadin (GAF-3X) ELISA (Euroimmun, Germany) with the manufacturer's cut-off 25 RU/ml. The level of circulating serum IgA autoantibodies against tTG was detected with Anti-tTG ELISA (Euroimmun, Germany) with the manufacturer's cut-off 20 RU/ml. The level of circulating serum IgA autoantibodies against eTG was detected with Anti-eTG ELISA (Immundiagnostic, Germany) with the manufacturer's cut-off 18 AU/ml. All three tests are recommended by producers as useful in DH diagnosis. All measurements were made in the ELISA plate reader by a single operator following the manufacturer's instructions.
The intensity of NE expression in lesional skin were evaluated with immunohistochemical technique (IHC) on paraffin-embedded sections of lesional skin subjected to 4 µm and then mounted on poly-L-lysine-coated glass slides. The immunohistochemical staining was performed with the use of a mouse monoclonal antibody to human NE (Dako, Denmark) and LSAB+ system+ HRP visualization kit (Dako, Denmark). The primary antibody was diluted at 1 : 100. Then, slides were washed with PBS, counterstained with hematoxylin, coverslipped, and examined by light microscopy (BX40, Olympus, Japan) under magnification 200× and the area with visibly the most intense NE deposition was digitally photographed. The digital microscopic image analysis with quantitative digital morphometric software (Analyser 4D, [19] ) was then used to measure the intensity of positive immunostaining signals of the NE, i.e. NE expression, in percentages of expression [9] .
S St ta at ti is st ti ic ca al l a an na al ly ys si is s Statistical analysis was done using Spearman's rank correlation coefficient to find out associations between the intensity of NE deposition and the levels of IgA autoantibodies to eTG, tTG, npG, as well as between the levels of IgA autoantibodies to eTG, tTG, npG in DH.
Results
Intensity of NE deposits processed with digital microscopic image analysis in a representative DH patient lesional skin is shown in Figure 1 . The analysis of correlation showed insignificant correlations between the intensity of cutaneous NE expression and the levels of serum IgA antibodies to eTG, tTG, npG in patients with DH. The following results were obtained: intensity of NE expression vs. anti-eTG IgA level r = -0.1013, intensity
IgA autoantibodies to gliadin nonapeptides, tissue transglutaminase and epidermal transglutaminase are associated, but unrelated to neutrophil elastase expression in lesional skin in human dermatitis herpetiformis 
Discussion
The plausible immunopathogenesis of DH involves activation of neutrophils by engaging their CD89 receptors with IgA (particularly IgA1) immunocomplexes (IC) [2, 9] . This series of events leads to the release of NE, the proteolytic enzyme which degrades the DEJ and finally induces the blister formation [2, 9, 20] . The probable mechanism of action includes the shedding of cellular CD89, interaction with IgA and a change in IgA catabolism [2, 12] . This scheme might lead to the NE releasing, DEJ destroying and consequently the intra-lamina lucida blister forming. However, there are no data clearly indicating this process as specific autoantibodies-dependent. Data obtained in this study have shown that there is no correlation between levels of circulating IgA autoantibodies to eTG, tTG, npG and the intensity of cutaneous NE expression in patients with DH. This finding is in accordance with our previous data [9] , where BowszycDmochowska et al. demonstrated just low strength of the correlation between NE expression and IgA to eTG in DH. Thus, it seems that in human DH the activation of neutrophils is unrelated to the levels of serum IgA to eTG, tTG and npG. Based on these observations, we have hypothesized that in DH pathogenesis various local factors are probably more significant than pathogenetic association with GSE. Presumably, these local factors may involve FcRs on neutrophils, as the key mediators of IgA -and particularly important in the DH development IgA1 -effector function. However, the link between IgA autoantibodies to gliadin nonapeptides, tissue transglutaminase and epidermal transglutaminase are associated, but unrelated to neutrophil elastase expression in lesional skin in human dermatitis herpetiformis GSE and DH probably should be considered in light of the epitope spreading (ES) phenomenon. We suppose that these processes are plausibly responsible for manifestations of DH. It was reported that DH is associated with the HLA-B8/DRw3 haplotype, which might be related with defective Fc receptor function in vivo [21] . So far, no functional study has been reported in association of FcRs with accumulation of pathogenic IgA1 in patients with DH. Interestingly, examining GSE Lavö et al. [22] revealed that a relation between immunoglobulin (IgA) and FcRs mediated pathway may be considered in the impaired clearance of circulating ICs. This relation may happen via one pathway, which leads to the accumulation of ICs and subsequently to saturation of FcRs and decreased clearance via other pathway [22] . There are two hypotheses containing the causes of impaired clearance of circulating ICs in DH: it may be a result of (i) a primary defect in FcRs function with secondary accumulation of circulating ICs, (ii) saturation or hindrance to binding to the FcRs by circulating ICs [22] . Probably a different type of IgA FcRs may participate in sequential steps to promote DH lesions development. It seems that CD89 is a key receptor, which may be involved in the formation/amplification of the IgA-IC. However, the function of other IgA FcRs should be investigated, e.g. a possible role of CD71. CD71 is involved in transcytosis of IgA in CD [23, 24] and probably implicated in its pathogenesis [23, 25] . CD71 was recently identified as a new receptor for polymeric IgA [26] , which shows affinity for IgA1, so it should be examined in DH as mediating cutaneous deposition of IgA1. Interestingly, CD71, but not CD89, participates in protected gliadin transport in CD [23, 24] . Furthermore, it can be postulated that not only IgA isotype may participate in the process of binding to the FcRs during the induction of inflammation in DH. It is known that human CD89 shares homology with receptors specific to the Fc region of IgG (FcγRs) and IgE (FcεRIs) [27] . Thus, an important issue relates to whether it can promote inflammation on its own or must operate in tandem with another proinflammatory mediator (e.g. IgA-IgG or IgA-IgE). Moreover, it seems that the release of proinflammatory molecules, like NE, may happen in another way as through ICs. In light of this, the FcRs mutations, which affect the level of receptor affinity, can play a significant role in the DH immunopathogenesis [2] . There are data describing the FcRs polymorphism in BP with the effect on modulation of susceptibility to acquire this disease [28] . However, despite this being an interesting and essential issue for DH understanding as it seems, little is known about the IgA-FcRs polymorphisms and in vivo studies to investigate its functional importance in DH induction are still lacking.
It is known that ES occurs in cutaneous autoimmune diseases [29] , however the functional studies of this phenomenon are scanty. According to Vanderlugt and Miller [30] , ES may be defined as the development of immune response to endogenous epitopes secondary to the release of self-antigens during a chronic autoimmune or inflammatory response. Thus, the initial inflammatory process of DH might result in further DEJ destruction, which releases hidden or sequestered antigens, thereby inducing an autoimmune response against DEJ [31] . Ameen et al. [31] suggested that the targets of immune response do not remain fixed, but may be extended to include other epitopes on the same protein or other proteins in the same tissue. In the context of the above, DH has been described in association with CD and BP [32] [33] [34] . It can be postulated that cell-mediated immunity in GSE predisposes to ES with the development of subsequent and progressive cutaneous autoimmunity in DH. It is assumed that CD patients have autoantibodies to tTG, DH patients to eTG and gluten ataxia patients to TG6 [32] . However, the question is whether these populations of autoantibodies are a result of ES or if they are truly directed towards tTG, eTG, TG6, is not clear [32] . Notably, in humans tTG and eTG are encoded on the same chromosome -20q11-12 [32] . Thus, cross reactivity and ES in the family of TGs would not be unexpected [35] . This is consistent with data of this study indicating that IgA to eTG/tTG/npG are produced in a coordinated way, what might correspond with suggested involvement of initially ES and subsequently cross reactivity in DH autoimmune response. Therefore, ES to TG3 may be responsible for the development of DH [5, 36] . On the other hand, current data [37] indicated that autoantibodies in most patients do not cross-react between different TGs isoforms.
It is observed that IgA1 is a predominated subclass in the sera of DH patients and IgA2 prevail in mucosal secretion of the colon [38] . Cutaneous IgA in DH consisted of both IgA1 and IgA2, although IgA1 predominated, however there are data about findings of IgA1 alone in the DH skin [39] . A recent study has also shown the increased skin-homing potential of IgA1-plasmablast compared with IgA2 cells in DH [40] , what may be related with previous papers that demonstrated IgA1 deposits in the skin of DH patients [41, 42] . Therefore, presented findings suggest that an increased skin-homing potential of IgA1 cells compared with IgA2 cells in DH could contribute to the formation of IgA1 deposits in the skin of DH patients. Interestingly, CD patients do not have IgA1, what may be evidence of selective entrapment of blood mononuclear cells to the DH skin [39] . Thus, plausibly IgA in the skin of DH patients is not produced in the gut or alternatively if it shows gut-mediated production, then only IgA1 is involved in the formation of cutaneous lesions [40] , which might support our thesis of the importance of local factors in DH manifestation. Moreover, a local inflammatory process in the presence of IgA1 deposits at the DEJ would allow for the rolling and tethering of neutrophils to firmly adhere to vessel walls and move to the DEJ with resultant characteristic skin lesions [7] .
Thus, it could be concluded from this study that in DH the engagement of either IgA to tTG, IgA to eTG or IgA to npG, on cutaneous neutrophils might not be a principal stimulus to releasing NE. Still, it is possible that this stimulus is provided not by pooled IgA to tTG, eTG, npG, but specifically by IgA1 subclass [9] . This study revealed no connection between releasing of DEJ-degrading molecules and apparently pathogenic autoantibodies, so pathogenic anti-DEJ insult may arise following non-antibodies-mediated damage to the cutaneous DEJ. Strikingly, dapson, the drug of choice for cutaneous rash of DH, does not seem to act as an antigen-antibody reaction suppressor. Likewise, iodides do not appear to exacerbate DH via pathways dependent on an antigen-antibody reaction. A young man with rheumatoid arthritis treated with methylprednisolone orally and azathioprine orally whose cutaneous itchy lesions, diagnosed as DH at the Histopathology and Immunopathology Section, Department of Dermatology, Poznan University of Medical Sciences, Poland, manifested itself despite immunosuppressive treatment might serve as an argument for the importance of non-autoimmune phenomena in cutaneous pathology of DH. Moreover, our data support the notion that neutrophil activating capacities might be epitope-specific and plausibly dependent on changing autoantibody profiles and FcRs dysfunction.
Conclusions
It seems that in human DH lesional skin, the activation of neutrophils, judged by the NE expression, is unrelated to the levels of serum IgA autoantibodies to eTG/tTG/npG, which might imply the role of local factors in cutaneous inflammatory process in DH. Apparently IgA autoantibodies to eTG/tTG/npG in DH are produced in a coordinated way, what might correspond with the proposed involvement of initially epitope spreading and subsequently cross reactivity in DH autoimmune response.
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